The nucleotlde sequence of a region of Marchantia polymorpha chloroplast DNA was determined. On this DNA sequence (3.38kb), three open reading frames (ORFs) and three putative tRNA genes were detected in the following order:
INTRODUCTION
A number of works on the structure and organization of chloroplast genes have been reported, but they are mostly on those of higher plants or algae.
Among the lower plants, a physical map of chloroplast DNA has been so far constructed only in the case of liverwort (1) . Although the estimated size of chloroplast DNA from the liverwort Marchantia polymorpha L. (ca. 120kb) is somewhat smaller than those from higher plants (ca. 150kb (2) ), the gross organization of many chloroplast genes in the former DNA including the relative positions of the two invertedly oriented rRNA genes and the LS gene (for the large subunit of RuBP carboxylase) appears to be similar to that of the corresponding genes in the latter chloroplast DNAs (1) . A physical map of the entire chloroplast DNA of M. polymorpha has been constructed with the restriction endonucleases BamHI, Smal, Kpnl, and Xhol (1) . The Bam7 DNA fragment (4.9kb BamHI fragment), which is analyzed herein in detail, is located almost at the center of the large single-copy region of M. polymorpha chloroplast DNA. In the center of this region, several relatively small BamHI fragments (less than 5kb) are clustered in the order "-Baml3-Bam7-Bam8-Baml0-..(LS).." (1) . In this order, a minor correction has been made recently in the course of cloning and other experiments, that the 7-8 region is in reverse orientation with respect to the Baml3 and BamlO fragments; thus, the newly assigned order is -Baml3-Bam8-Bam7-BamlO-(in preparation, Y. Yamashita, K.
Ohyama, and T. Komano). In our present experiments, the Bam7 fragment of M. polymorpha chloroplast DMA was cloned at the BamHI site of pBR322, and the nucleotide sequence (3.38kb) starting from the BamHI site at the junction of the Bam8 and Bam7 fragments was determined. On this DNA sequence, we were able to detect three putative tRNA genes and three possible open reading frames. We report here the structure and organization of these putative genes in this region of the liverwort chloroplast DNA.
MATERIALS AND METHODS

Recomblnant plaemids carrying liverwort chloroplast DNA fragments
Chloroplast DNA of H. polyaorpha was isolated from suspension cultures of green cells in covalently closed circular (ccc) form (3) . The DNA was digested completely with BamHI and the fragments were cloned at the BamHI site of pBR322. One of the recombinant plasmids, named pMP227, was used as a sole material which carries a 4.9kb BamHI fragment.
This fragment has been assigned to the Bam7 fragment of M. polymorpha chloroplast DNA (1).
Bacterial strains and culture media
The following strains were used, all of which were streptomycin (Sm) resistant mutants (strA) of E. coll; HB101 (4), N01345 (5) and BT52recA
(lac , trp ,, recA, strA. this laboratory). For plasmid isolation, amb amb bacteria were grown in E-broth (6) . The Sm plate used was lambda agar (7) containing streptomycin sulfate (Meiji Co. Ltd.).
DNA sequencing
The plasmid pMP227 was propagated in £. coll HB101. The plasmid DNA in ccc form was purified by EtBr/CsCl centrifugation. After digestion with an appropriate restriction enzyme, the DNA fragments were separated by agarose gel electrophoresie. For DNA sequencing, the fragments were extracted from the gel and treated with calf intestinal alkaline phosphatase (Boeringer Mannheim GmbH).
Labeling at 5' ends was performed with T4 polynucleotide kinase (Takara Syuzo Co. Ltd.). DNA sequencing was carried out acccording to the method of Haxam and Gilbert (8) .
RESULTS AND DISCUSSION
Structure and organization of putative genes in cloned Bam7 fragment The three putative tRNA genes were assigned to tRNA (1629-1716), tRNA Gly (2257-2327), and tRNA" 6 ' (2378-2451) Judging from their anticodon triplets UGA, GCC, and CAU, respectively; the tRNA et is most likely an initiator tRNA. The clover-leaf structures of these predicted tRNAs are presented in Fig. 3 .
As shown in Fig. 1 Fig.   1 ), while the remainder are in the opposite direction.
Structural features of the tRNA sequences As briefly mentioned above, a stretch of nucleotide sequence between 1629
and 1716 in the lower strands in Fig. 2 can be folded into a clover-leaf structure with the anticodon 5'-UGA -3' which corresponds to serine codons (UCA/G) (Fig. 3a) . The putative tRNA (CAU) gene (positions 2378-2451) may be accounted for as a gene for an initiator rather than an elongator, since the top of the amino-acid acceptor stem in the clover-leaf has the characteristic mismatched base-pair (C -C ?1 ) of an initiator tRNA Met f (12) (Fig. 3c) . Moreover, the sequence of tRNA (CAU) is highly homologous to chloroplast and procaryotic initiator tRNAs, e..%. 931 homology with spinach chloroplast (12), 882 with £.
gracilia chloroplast (13) and Phaseolus vulgalis chloroplast (12), 852 with Anacystia nidulans (12) , and 80X with I». subtilis (12) , and Z. coli (12) .
In the case of E. gracilis chloroplasts, two genes for tRNA y (GCC) and initiator tRNA et (CAU) are very closely linked, with a 12bp spacer, forming a single transcription unit (13) .
In the present case of liverwort Fig. 3 Clover-leaf structures of the predicted tRNA sequences. Information about base modifications is not available.
chloroplasts, these two tRNA genes are linked with a 50bp spacer, but they are in a tall-to-tail configuration, and therefore, must be transcribed separately in opposite directions, terminating within this spacer region (see below).
All of the three putative tRNA genes detected in the present study contain neither intron nor 3'-CCA sequences. As an interesting feature, the DNA sequences just ahead of these tRNA structural genes are quite similar, namely TTTACTATA-tRNA Ser (UGA), TTTATATAC-tRNA and £. coli S14 (ES14) proteins is shown in Fig. 4 ; identical amino acid residues are 45 among 100 residues and conservative replacements are found at 9 positions. Calculated molecular weight of the ORF7O3 protein is 11,880 daltons, which is comparable to that of ES14 (11, 191 shown). Thus, we tentatively conclude that ORF703 represents a gene for a ribosomal protein in liverwort chloroplast which corresponds to S14 in E.
coli. Nearly 50Z homology in the amino acid sequences has also been reported between E. coli ribosomal proteins and the chloroplast counterparts from various plants; ^.£. spinach chloroplast L12 (50Z homologous to E. coli L12) (19) , tobacco chloroplast S19 (55Z) (20) , and maize chloroplast S4 (40-50Z)
Recently, the complete nucleotide sequence of the J2. coli spc operon has been published, which contains ten ribosomal protein genes including the S14 (24) and 11.4Z in P 680 chlorophyll «» apoprotein (25) . In the case of 0RF701, a hydropathy profile by the method of Kyte and Doolittle (26) clearly shows seven hydrophobic clusters and a relatively hydrophilic region as shown in Fig. 6 . This profile is highly homologous to that of spinach Pgg 0 chlorophyll £i apoprotein (25) . Considering those points, it is tempting to assume that ORF701 represents a membrane protein in chloroplasts (see NOTE ADDED IN PROOF).
Biological effects of 0RF701 on E. coll mutant cells
In the course of this study, we noticed an Interesting phenomenon, that is, the introduction of pMP227 markedly reduces the degree of streptomycin resistance of the Sm r (strA) mutants of E^ coli, such as HB101, NO1345, or BT52recA. Bacteria with or without the pBR322 plasmid, can grow normally In the presence of Sm (250 ^ig/ml), while those carrying pMP227 can not grow even at a lower concentration of Sm (100 jjg/ml). The plating efficiency of HB101(pMP227) on Sm plates (250 jig/ml) was reduced to the order of 10~ .
Further subcloning experiments revealed that, among the ORFs on the Bam7 fragnent, 0RF701 is responsible for this effect when it is connected to a bacterial promoter at the 5' side. In pMP227, 0RF701 had been connected by chance to the Tet promoter of pBR322, and this phenomenon was found. A similar effect was also observed when the ORF701 was preceded by the Km r promoter of pKC7 plasmid (27) in the right orientation. The subcloning A+T content through spacer I to VII is 85.2Z (Fig. 2) . Continuous long A+T stretches are often found; in spacer IV, a nearly 50 A+T stretch including a (TA) 12 sequence is observed (Fig. 2) .
In addition to the abundance of AT pairs, the spacer regions contain many inverted repeats in their nucleotide sequences (Fig. 2) . In spacer II, the sequence from 1510 to 1601 can be presented in a large stem-and-loop configuration with a perfect 35bp inverted repeat that splits the 3' ends of the coding sequences of both 0RF701 and tRNA er (UGA) genes (Fig. 7a) . Spacer III contains a number of small inverted repeats at positions 1737-1763, 1767-1776, 1780-1806, and 1794-1814 (Fig. 2) . The longest spacer IV may include two large stem-and-loop structures; one is located at positions 2061-2198, immediately following the ORF7O2 stop codon, and the other at positions 2201-2255, just ahead of the tRNA Gly (GCC) gene (Fig. 7b) . In spacer V, both the upper and lower strands of positions 2349-2379 can be presented In similar stem-and-loop structures that are followed by a short T-stretch (Fig.   7c ). Thus this region may serve as a dual terminator for both the tRNA y (GCC) gene and the tRNA (CAU) gene, which are transcribed in opposite directions (Fig. 1) . In spacer VI, an inverted repeat at positions 2505-2551 close to the 3' end of ORF703 is somewhat different from those in the other spacers, as it is composed of a GC-rich stem (Fig. 2) . Spacer VII also contains two inverted repeats at positions 2857-2870 and 2882-2908 (Fig. 2) .
Genetic signals for transcription, translation, and processing, such as promoters, terminators, and others are not assigned directly in this study, 
